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Recent studies, using predominantly visual tasks, indicate that early bilinguals tend 
to outperform monolinguals on attention tests. It remains less clear whether such 
advantages extend to those bilinguals who have acquired their second language later in 
life. We examined this question in 38 monolingual and 60 bilingual university students. The 
bilingual group was further subdivided into early childhood (ECB), late childhood (LCB), 
and early adulthood bilinguals (EAB). The assessment consisted of five subtests from 
the clinically validated Test of Everyday Attention (TEA). Overall, bilinguals outperformed 
monolinguals on auditory attention tests, but not on visual search tasks. The latter 
observation suggests that the differences between bilinguals and monolinguals are 
specific and not due to a generally higher cognitive performance in bilinguals. Within 
the bilingual group, ECB showed a larger advantage on attention switching, LCB/EAB on 
selective attention. We conclude that the effects of bilingualism extend into the auditory 
domain and are not confined to childhood bilinguals, although their scope might be slightly 
different in early and late bilinguals. 
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INTRODUCTION 

For many decades, the study of bilingualism focused on the lin- 
guistic differences between monolingual and bilingual children 
and adults, such as vocabulary size, lexical access, and mor- 
phosyntactic development (see De Houwer, 2009, for a review). 
However, from the 1990s onward the idea emerged that the expe- 
rience of bilingualism might also influence cognitive functions 
other than language. Studies comparing mono- and bilingual 
children suggested a bilingual advantage in non-verbal problem- 
solving tasks such as the dimensional change card sort task, 
cardinal quantity tasks, and, with particular relevance to the 
present study, in the control of attention (Frye et al., 1995; Zelazo 
et al, 1996; Zelazo and Frye, 1997; Bialystok, 1999; Bialystok and 
Martin, 2004). 

Recent studies demonstrate that these differences persist well- 
beyond childhood (Bialystok et al, 2004, 2006, 2008, 2012). Using 
the Simon task (Simon and Small Jr, 1969), Bialystok et al. 
(2004) found that although the bilingual advantage was consis- 
tent between the ages of 30 and 60, after the age of 60 response 
times began to decrease in both monolinguals and bilinguals but 
this decline was significantly slower in the latter group. These 
cognitive advantages of bilingualism in older adults can be of con- 
siderable practical relevance, leading to a slower cognitive aging 
and a later onset of dementia (Bialystok et al, 2007). Indeed, 
studies from different countries, with radically different popu- 
lations, cultures, and languages arrived at a remarkably similar 
estimate of a 4-5 years delay in the onset of dementia in bilingual 
patients when compared to monolinguals (Alladi et al., 2013). 
Thus, bilingualism is starting to play an increasingly important 
role in the current debates about cognitive reserve and the factors 
influencing cognitive aging and dementia (Bak and Alladi, 2014). 



Different explanations have been put forward to account 
for these apparent cognitive differences between bilinguals and 
monolinguals. Kroll and De Groot (1997) postulate that the bilin- 
gual advantage results from a greater cognitive flexibility due to 
the need to select appropriate language options from one com- 
mon conceptual store, which contains a large number of map- 
pings of words and concepts. In contrast, Green (1998) argues 
that bilinguals have better inhibitory control because, in order to 
prevent ongoing interference, they must inhibit the language not 
in use. Indeed, a study by Treccani et al. (2009) demonstrates that 
the very efficiency of inhibitory processes in bilinguals can turn 
into a disadvantage when a new task requires activation of previ- 
ously inhibited material. Other studies (Hilchey and Klein, 2011; 
Hernandez et al, 2013) have recently questioned explanations 
of the bilingual advantage in terms of inhibitory control, calling 
for more in-depth research on different components of executive 
function and on the different operations of the central executive 
system. Some researchers have also questioned the generalizability 
of results showing a bilingual advantage, based on the heterogene- 
ity of the bilingual population, the instability of these results and a 
number of failed attempts to replicate them (Paap and Greenberg, 
2013; see Kroll and Bialystok, 2013 as response). While this debate 
is still open, the field is engaged in finding exactly how specific 
factors affecting the bilingual experience relate to specific com- 
ponents of executive control (Paap, 2014). The present study is a 
contribution to this wider aim. 

One of the factors that might influence the nature of cog- 
nitive processing in bilinguals is the age of acquisition of the 
second language. Early studies of cognition in bilinguals focused 
on simultaneous or early successive bilinguals who acquired both 
languages in their first years of life and it is in this group 
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that bilingual cognitive advantages have been best documented 
(Bialystok, 2007). However, recent studies suggest that both early 
and late bilingualism might have significant, yet different influ- 
ence on frontal-executive functions, with early bilinguals being 
better at switching, late at inhibiting (Tao et al, 2011). Indeed, 
early and late bilingualism could be associated with different pat- 
terns of brain development (Klein et al., 2014). Given that the 
acquisition of a second language in adulthood is arguably becom- 
ing more common than the ideal case of early simultaneous 
bilingualism, it is important to determine whether the effects of 
bilingualism — advantageous or disadvantageous — extend to this 
population. 

The identification of bilingualism as a potential factor delaying 
dementia (Bak and Alladi, 2014) brings a new set of challenges 
to the researchers working in this field. In order to explore the 
impact of bilingualism on healthy and on pathological aging, we 
need large studies, including healthy elderly population as well 
as patients suffering from different brain diseases. These types 
of participants require brief, easily applicable tests, ideally those 
already in use in clinical populations. In contrast, the majority 
of studies exploring cognitive differences between monolinguals 
and bilinguals so far have been using complex experimental 
paradigms applied in laboratory settings. Such procedures can- 
not be easily used in large cohorts of elderly participants, let alone 
in patients with dementia, stroke, head injury or other disorders 
affecting nervous system. What is needed, therefore, is a brief 
clinical instrument sensitive to potential cognitive differences 
between mono- and bilinguals. 

The Test of Everyday Attention (TEA) (Robertson et al., 1994) 
offers a particularly suitable tool to address this problem. Firstly, 
it is a well-established and widely used clinical test, with large sets 
of normative data collected in healthy elderly Western (Robertson 
et al., 1996) and Asian (Chan et al., 2006) populations. Secondly, 
it has been successfully applied in a wide range of neurological 
diseases, including stroke, head injury, dementia, and other neu- 
rodegenerative conditions (Robertson et al., 1996; Chan, 2000; 
Chen et al, 2013). This means that the tasks are clear enough 
to be understood by those patient groups but, at the same time, 
sensitive enough to detect impairments. Thirdly, the TEA con- 
sists of different subtests, assessing different components of the 
attentional system: sustained attention, selective attention, and 
attentional switching (Robertson et al., 1996). It allows, there- 
fore, a separate assessment of different forms of attention. Finally, 
while most cognitive test batteries tend to use predominantly 
visual material, which is generally easier to administer (Bak and 
Mioshi, 2007), the TEA has several auditory subtests based on 
tone counting (so called "Elevator tasks"). 

The last aspect seemed to us to be of special interest in the 
context of bilingualism. In comparison with the wealth of studies 
examining the visual domain, much less is known about possible 
differences in auditory processing between mono- and bilin- 
guals, despite the importance of the auditory domain in language 
acquisition and use. Moreover, the results of auditory studies 
of bilinguals and monolinguals have so far produced conflicting 
results. Bialystok and DePape (2009) did not find an advantage of 
bilinguals over monolinguals on an auditory Stroop task, while 
other authors reported a better performance in bilinguals on 



dichotic listening (Hamalainen and Hugdahl, 2011) and sound 
encoding (Krizman et al., 2012). Interestingly, the first study was 
based on non-linguistic stimuli (pitch), while the last two used 
as experimental material syllables such as "da" or "ba," which 
form part of the sound repertoire of the languages in question. It 
is conceivable, therefore, that the linguistic nature of the stimuli 
provides an advantage for bilinguals. Hence, in order to estab- 
lish whether the cognitive effects of bilingualism extend into the 
auditory domain, it is necessary to use tasks that minimize verbal 
elements as much as possible. 

Based on these considerations, we have selected for our 
study five TEA subtests measuring different aspects of atten- 
tion. Initially (Experiment 1), we selected the so-called Elevator 
Tasks 1-3, measuring in the auditory domain sustained attention 
(Elevator Task 1), selective attention (Elevator Task 2), and atten- 
tional switching (Elevator Task 3). Extending the results from the 
first experiment, we have added in Experiment 2 two further sub- 
tests (Telephone Search and Telephone Search while counting). 
These tasks assess visual search, an aspect of attention which, 
although demanding, does not require processing of conflict- 
ing information (e.g., switching, inhibition). Accordingly, we did 
not expect it to be influenced by bilingualism. These subtests 
can help, therefore, to determine whether possible differences 
between mono- and bilingual groups are due to general, differ- 
ences in cognitive performance, or to specific aspects of attention. 
In Experiment 1, we examined early childhood bilinguals (ECB) 
(those who acquired both languages before the age of 4) and late 
childhood bilinguals (LCB) (who acquired the second language 
between the ages of 4 and 15 years). In Experiment 2, we extended 
the study to early adulthood bilinguals (EAB) (whose second 
language acquisition took place between the ages of 15 and 19). 

METHODS 
PARTICIPANTS 

Experiment 1 

All 60 subjects were students at the University of Edinburgh, 
who understood and spoke English fluently. Based on the 
results of the Language Ability Questionnaire (see Appendix 1 
in Supplementary Material), 19 were classified as monolinguals 
(ML), 23 as ECB, and 18 as LCB (see Appendix 2 for a detailed 
list of languages spoken by each participant). There were no sig- 
nificant differences in age or gender distribution between the 
groups— age: ML: 22.2 ± 1.6; ECB: 21.3 ± 1.7; LCB: 23.6 ± 4.3 
and gender (percentage females): ML: 73%, ECB: 44%, LCB: 50%. 

Experiment 2 

All 38 subjects were also students at the University of Edinburgh 
with fluent command of English. None of them had partici- 
pated in the Experiment 1. Based on the results of the same 
Language Ability Questionnaire as in Experiment 1, the group 
was split into 19 monolinguals (ML) and 19 EAB, who acquired 
their second language between the ages of 15 and 19 years. 
There were no significant differences in age or gender distribu- 
tion between the groups — age: ML: 21.5 ± 1.0; EAB: 22.9 ± 3.3 
and gender (percentage females): ML: 36%; EAB: 36%. The study 
has been approved by the Ethics Committee of the University of 
Edinburgh, Psychology Department. 
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FIGURE 1 | Difference between the monolingual and childhood 
bilingual groups on TEA sub-tests (Experiment 1). 



ASSESSMENT OF ATTENTIONAL FUNCTIONS 

Both experiments consisted of subtests for the TEA, a standard- 
ized test battery to assess attentional functions (Robertson et al., 
1994). Experiment 1 consisted of three TEA subtests (Elevator 
Tasks 1-3). In Experiment 2 we have used identical procedure 
for the tests TEA 1-3, but continued with two further subtests 
(Telephone Search and Telephone Search Dual Task). The test was 
conducted in a quiet laboratory space, with instructions and tones 
presented from a tape using headphones. 

Elevator counting (Elevator task 1) 

Subjects are asked to count simple tones of the same pitch and 
duration presented at irregular intervals; used as a measure of 
sustained attention. 

Elevator counting with distraction (Elevator task 2) 

Subjects hear low and high tones and count the number of low 
tones while ignoring the high ones; used as a measure of selective 
attention. 

Elevator counting with reversal (Elevator task 3) 

Subjects hear a sequence of three different tones: a 
middle-pitched, high, and low tone, they are asked to count 
the middle-pitched tones, upwards if preceded by a high, down- 
wards if preceded by a low tone; used as a measure of attentional 
switching. 

Telephone search 

Subjects are given a telephone book directory page and a cue- 
book illustrating the target symbols. The task consists of circling 
all entries with a given combination of symbols. 

Telephone search dual task 

Same instructions as above, with the additional difficulty that the 
subjects had to conduct the task while at the same time counting 
auditorily presented tones (simple tones of the same pitch, as in 
the Elevator Task 1). 

RESULTS 
EXPERIMENT 1 

First, a comparison was conducted between the bilingual group 
as a whole (ECB and LCB) on one hand and the monolingual 
group on the other (see Figure 1 and Table 1). The Mann- 
Whitney test, used since the data were not normally distributed, 
revealed that bilinguals scored significantly higher than monolin- 
guals in Elevator Task 2 (U = 466, p < 0.05) and Elevator Task 
3 (17 = 414.50, p < 0.05). No significant difference was observed 
on Elevator Task 1. 

Subsequently, a Mann-Whitney test was performed to com- 
pare separately both bilingual groups with the monolingual one 
(see Table 2 and Figure 2). There were no significant differences 
between the groups in Elevator Task 1. In Elevator Task 2, LCB 
scored significantly higher than ML (17 — 99.50, p < 0.05, r = 
—0.40), but no significant difference was observed between ECB 
and ML. In Elevator Task 3, in contrast, ECB scored significantly 
higher than ML (17 = 103.50, p < 0.05, r = -0.35), while no 
significant difference was found between LCB and ML. 



Table 1 | Experiment 1 — Comparison of the number of correct 
answers in Monolinguals vs. Childhood bilinguals. 

Monolinguals Childhood bilinguals 
(/V=19) (/V = 41) 

Elevator task 6.89 ± 0.3 6.93 ± 0.2 

Elevator task with distraction 8.16 ±2.3 9.32 ± 1.0* 

Elevator task with reversal 7.53 ± 2.6 9.09 ± 1.6* 

*p < 0.05 vs. ML (Mann-Whitney-U-test). 



Table 2 | Experiment 1 — Comparison of the number of correct 
answers in Monolinguals vs. Early and vs. Late childhood bilinguals. 





Monolinguals 
(A/= 19) 


Early childhood 
bilinguals 
(/V = 23) 


Late childhood 
bilinguals 
(A/ = 18) 


Elevator task 


6.89 ± 0.3 


7.00 ± 0.0 


6.83 ± 0.5 


Elevator task 


8.16 ±2.3 


9.00 ± 1.4 


9.72 ± 0.5* 


with distraction 








Elevator task 


7.53 ±2.6 


9.17 ± 1.5* 


9.00 ± 1.8 


with reversal 









*p < 0.05 vs. ML {Mann-Whitney-U-testl. 



EXPERIMENT 2 

Since, as in Experiment 1, the data was not normally distributed, 
Mann- Whitney 17- test was performed (see Table 3 and Figure 3). 
No significant differences were found on Elevator Task 1. On 
Elevator Task 2, EAB performed significantly better than ML 
(17 = 109, p < 0.05). Although the EAB performed also slightly 
better than monolinguals also on Elevator Task 3, the differ- 
ence did not reach significance level (17 = 129, p = 0.13). No 
differences between the groups were observed in the Telephone 
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FIGURE 2 | Differences between the monolingual, the early, and the 
late childhood bilingual groups on TEA sub-tests (Experiment 1). 



Table 3 | Experiment 2— Comparison of the number of correct 
answers in Monolinguals vs. Early adulthood bilinguals. 

Monolinguals Early adult bilinguals 





(/V 




19) 


{N = 19) 


Elevator task 


7.00 


± 


0.00 


7.00 ± 0.00 


Elevator task with distraction 


7.94 


± 


1.32 


8.89 ± 1.07* 


Elevator task with reversal 


7.37 


± 


1.42 


8.16 ± 1.60 


Telephone search 


2.69 


± 


0.96 


3.02 ± 1.14 


Telephone search dual task 


3.28 


± 


0.94 


3.72 ± 1.38 



*p < 0.05 vs. ML (Mann-Whitney-U-test). 

Search (17= 154, p = 0.43) and Telephone Search Dual Task 
(U = 154.5, p = 0.44). 

DISCUSSION 

In both experiments the performance on the subtests of the TEA 
revealed specific differences between the mono- and the bilin- 
gual group. The bilingual advantage on Elevator Tasks 2 and 
3 confirms previous reports of bilingual advantage on cogni- 
tively demanding attentional control tasks (Bialystok et al, 2006; 
Treccani et al, 2009), extending them into the domain of auditory 
attention. The bilingual advantage was demonstrated using a rela- 
tively simple attentional task adapted from a standardized clinical 
assessment battery. In comparison with the sophisticated com- 
puterized design used in many previous studies, the TEA subtests 
have the advantage of easy applicability: they are fast, easy to per- 
form and evaluate, do not require a lab setting and can be used in 
conjunction with any type of tape recorder or a laptop. Moreover, 
they are already used across the world in different clinical popula- 
tions (Robertson et al, 1996; Chan, 2000; Chen et al., 2013). They 
could find, therefore, widespread use in future studies of cogni- 
tive functions in bilingualism, particularly in large cohort studies 




TEA 2 TEA 3 

Error Bars: +/- 2 SE 



FIGURE 3 | Differences between the monolingual and early adulthood 
bilingual groups on TEA sub-tests (Experiment 2). 



of cognitive aging and dementia (Bak and Alladi, 2014), in which 
current experimental paradigms would not be practicable. 

Consistent with recent reports that qualify the scope of the 
monolingual-bilingual difference (Hilchey and Klein, 2011; Tao 
et al., 2011), the influence of bilingualism on attention observed 
in our study was selective, affecting specific cognitive functions. 
Bilingual groups were not uniformly better on all attentional 
tests included in this study. In Experiment 2, there was no dif- 
ference between the groups on Telephone Search and Telephone 
Search Dual Task. Both are difficult and demanding tasks, in 
which none of the groups reached ceiling level. However, the 
type of attention required to perform a visual search required in 
Telephone Search and Telephone Search Dual Task is different in 
quality from selective attention of Elevator Task 2 and attention 
switching of Elevator Task 3. Even in Telephone Search Dual Task 
which includes a dual task (simultaneous visual search and count- 
ing tones), both tasks involve different modalities (visual and 
auditory) and are, therefore, fundamentally different from the 
experience of bilingualism, in which the selection and switching 
normally happen within the same modality (except in bimodal 
bilingualism; Emmorey et al, 2008a,b). Furthermore, the fact that 
the bilingual advantage is confined to Elevator Task 2 and 3 and 
does not seem to affect Telephone Search and Telephone Search 
Dual Task suggests that this effect is not easily explained by a sam- 
ple bias, such as a higher general intelligence or an overall better 
level of cognitive performance in the bilingual group. 

Importantly, the effects of the bilingual experience were not 
confined to ECB. It was observed in all three groups characterized 
by different age of acquisition of the second language (early and 
late childhood and early adulthood). Traditionally, the majority of 
bilingualism studies has focused on speakers who acquired both 
languages in the first years of life, during the period of maximal 
sensitivity to language stimuli (or "Critical Period"; see Birdsong, 
1999; Newport et al., 2001). However, many people start learn- 
ing a second language in late childhood or adulthood and reach a 
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very high and even native-like level of proficiency (Sorace, 2004; 
Sorace and Filiaci, 2006; MacLeod and Stoel-Gammon, 2010). 
The question whether this large group can also benefit from cog- 
nitive effects of bilingualism is of considerable practical relevance, 
particularly in light of the recent findings about the dementia- 
delaying effects of bilingualism (Alladi et al, 2013; Bak and Alladi, 
2014). 

However, although we found a positive effect of bilingualism 
in all three groups we examined (early and late childhood, early 
adulthood), its mechanisms might be slightly different. In a recent 
study, comparing early and late onset bilinguals, only those who 
started using both languages before the age of 10 were found to 
have a cognitive advantage (Luket al, 2011). In contrast, Tao et al. 
(2011) found that both, early and late bilingual groups benefitted 
from bilingualism, but in different ways: the early group mainly 
on switching, the late on inhibition. Our results would be in line 
with this hypothesis. The cognitive requirements of the Elevator 
Tasks 2 and 3 are slightly different: Elevator Task 2 requires selec- 
tive attention and successful inhibition of irrelevant stimuli. It 
could be compared, therefore, to visual inhibition tasks such as 
those used by Treccani et al. (2009). Elevator Task 3, in contrast, 
involves attentional switching between two (unpredictable) direc- 
tions of counting. Hence, it is more similar to visual paradigms 
used by Prior and MacWhinney (2010) and Costa et al. (2009). 
It seems plausible that the early childhood experience of two lan- 
guages especially enhances switching processes, whereas the later 
acquisition of a second language after the consolidation of the first 
one might require stronger inhibition of the native dominant lan- 
guage and would therefore have a greater impact on inhibitory 
control. 

Our study has limitations. We have not conducted a general 
assessment of cognitive abilities beyond the TEA subtests used 
in our protocol. Although the dissociation between the Elevator 
Tasks, with a bilingual advantage and the Telephone Search Tasks 
without it speaks in favor of a specific effect of bilingualism on 
cognition we cannot exclude the possibility of "reverse causal- 
ity." It could be that it is not bilingualism that causes a cognitive 
advantage in certain individuals but that a superior baseline cog- 
nitive ability makes them more likely to acquire more than one 
language. Such confound is extremely difficult to address, since it 
would require either longitudinal studies or at least knowledge of 
baseline cognitive abilities in early childhood. Since this is the first 
time that the TEA has been used not to characterize brain diseases 
but individual variations in performance in normal population 
depending on the knowledge of languages, we do not know which 
practical consequences the observed differences might produce. 
Finally, we have not examined individuals who acquired a second 
language after the age of 19 years — a large and very important 
group. 

However, we hope that by raising the question whether a bilin- 
gualism advantage can be observed well-beyond the traditional 
age boundaries of critical periods, our study will encourage fur- 
ther research, using a wider range of tasks and comparing groups 
of subjects who acquired the second language at different stages 
of their lives. In this way, we might be able to determine exactly 
which aspects of cognitive processing are affected by the bilingual 
experience and whether age of onset of bilingualism might have 



differential impacts on cognitive functions. The fact that these 
questions can be addressed using a brief and simple standardized 
cognitive tests such as TEA makes this field of study all the more 
promising. 

ACKNOWLEDGMENTS 

We would like to thank Simon Everington, Sarah Garvin, and Ellie 
Rose for the data collection and Dr. Blanca Ramirez-Ruiz for her 
assistance in editing the manuscript. 

SUPPLEMENTARY MATERIAL 

The Supplementary Material for this article can be found online 
at: http://www.frontiersin.org/journal/10.3389/fpsyg.2014.00 
485/abstract 

REFERENCES 

Alladi, S., Bak, T. H., Duggirala, V., Surampudi, B., Shailaja, M., Shukla, A. 
K., et al. (2013). Bilingualism delays age at onset of dementia, indepen- 
dent of education and immigration status. Neurology 81, 1938-1944. doi: 
10.1212/01.wnl.0000436620.33155.a4 

Bak, T. H., and Alladi, S. (2014). Can being bilingual affect the onset of dementia? 
Future Neurol 9, 101-103. doi: 10.2217/fnl.l4.8 

Bak, T. H., and Mioshi, E. (2007). A cognitive bedside assessment beyond the 
MMSE: the Addenbrooke's cognitive examination. Pract. Neurol. 7, 245-249. 

Bialystok, E. (1999). Cognitive complexity and attentional control in the bilingual 
mind. ChildDev. 70, 636-644. doi: 10.1111/1467-8624.00046 

Bialystok, E. (2007). Cognitive effects of bilingualism: how linguistic experi- 
ence leads to cognitive change. Int. J. Biling. Educ. Biling. 10, 210-223. doi: 
10.2167/beb441.0 

Bialystok, E., Craik, E, and Luk, G. (2008). Cognitive control and lexical access in 

younger and older bilinguals. /. Exp. Psychol. Learn. Mem. Cogn. 34, 859. doi: 

10.1037/0278-7393.34.4.859 
Bialystok, E., Craik, F. I. M., and Freedman, M. (2007). Bilingualism as a protection 

against the onset of symptoms of dementia. Neuropsychologic! 45, 459-464. doi: 

10.1016/j.neuropsychologia.2006.10.009 
Bialystok, E., Craik, F. I. M., Klein, R., and Viswanathan, M. (2004). Bilingualism, 

aging, and cognitive control: evidence from the Simon task. Psychol Aging 19, 

290. doi: 10.1037/0882-7974.19.2.290 
Bialystok, E., Craik, F. I. M., and Luk, G. (2012). Bilingualism: consequences for 

mind and brain. Trends Cogn. Sci. 16, 240-250. doi: 10.1016/j.tics.2012.03.001 
Bialystok, E., Craik, F. I. M., and Ryan, J. (2006). Executive control in a modified 

antisaccade task: effects of aging and bilingualism. /. Exp. Psychol Learn. Mem. 

Cogn. 32, 1341. doi: 10.1037/0278-7393.32.6.1341 
Bialystok, E., and DePape, A.-M. (2009). Musical expertise, bilingualism, and 

executive functioning. /. Exp. Psychol. Hum. Percept. Perform. 35, 565. doi: 

10.1037/a0012735 

Bialystok, E., and Martin, M. M. (2004). Attention and inhibition in bilingual chil- 
dren: evidence from the dimensional change card sort task. Dev. Sci. 7, 325-339. 
doi: 10.1111/j.l467-7687.2004.00351.x 

Birdsong, D. (ed.). (1999). Second Language Acquisition and the Critical Period 
Hypothesis. Mahwah, N): Lawrence Erlbaum Associates. 

Chan, R. C. K. (2000). Attentional deficits in patients with closed head injury: a fur- 
ther study to the discriminative validity of the test of everyday attention. Brain 
Inj. 14, 227-236. doi: 10.1080/026990500120709 

Chan, R. C. K„ Lai, M. K., and Robertson, I. H. (2006). Latent structure of 
the Test of Everyday Attention in a non-clinical Chinese sample. Arch. Clin. 
Neuropsychol. 21, 477-485. doi: 10.1016/j.acn.2006.06.007 

Chen, H.-C, Koh, C.-L, Hsieh, C.-L., and Hsueh, I.-P. (2013). Test of 
Everyday Attention in patients with chronic stroke: test-retest reliability 
and practice effects. Brain Inj. 27, 1148-1154. doi: 10.3109/02699052.2013. 
775483 

Costa, A., Hernandez, M., Costa-Faidella, J., and Sebastian-Galles, N. (2009). On 
the bilingual advantage in conflict processing: now you see it, now you don't. 
Cognition 113, 135-149. doi: 10.1016/j.cognition.2009.08.001 

De Houwer, A. (2009). Bilingual First Language Acquisition. Bristol: Multilingual 
Matters. 



www.frontiersin.org 



May 2014 | Volume 5 | Article 485 | 5 



Baketal. 



Never too late? 



Emmorey, K., Borinstein, H. B., Thompson, R., and Gollan, T. H. 
(2008a). Bimodal bilingualism. Bilingualism (Camb. Engl) 11, 43. doi: 
10.101 7/S 1366728907003203 

Emmorey, K., Luk, G., Pyers, J. E., and Bialystok, E. (2008b). The source of 
enhanced cognitive control in bilinguals evidence from bimodal bilinguals. 
Psychol. Sci. 19, 1201-1206. doi: 10.1111/j.l467-9280.2008.02224.x 

Frye, D., Zelazo, P. D., and Palfai, T. (1995). Theory of mind and rule-based 
reasoning. Cogn. Dev. 10, 483-527. doi: 10.1016/0885-2014(95)90024-1 

Green, D. W. (1998). Mental control of the bilingual lexico-semantic system. Biling. 
Lang. Cogn. 1,67-81. doi: 10.1017/S1366728998000133 

Hamalainen, H., and Hugdahl, K. (2011). Bilingual advantage in attentional con- 
trol: evidence from the forced-attention dichotic listening paradigm. Biling. 
Lang. Cogn. 14,371-378. doi: 10.1017/S1366728910000118 

Hernandez, M., Martin, C. D., Barcelo, E, and Costa, A. (2013). Where is 
the bilingual advantage in task-switching? /. Mem. Lang. 69, 257-276. doi: 
10.1016/j.jml.2013.06.004 

Hilchey, M. D., and Klein, R. M. (2011). Are there bilingual advantages on non- 
linguistic interference tasks? Implications for the plasticity of executive control 
processes. Psyehon. Bull. Rev. 18, 625-658. doi: 10.3758/sl3423-01 1-01 16-7 

Klein, D., Mok, K., Chen, J.-K., and Watkins, K. E. (2014). Age of language learning 
shapes brain structure: a cortical thickness study of bilingual and monolingual 
individuals. Brain Lang. 131, 20-24. doi: 10.1016/j.bandl.2013.05.014 

Krizman, J., Marian, V., Shook, A., Skoe, E., and Kraus, N. (2012). Subcortical 
encoding of sound is enhanced in bilinguals and relates to executive 
function advantages. Proe. Natl. Acad. Set. U.S.A. 109, 7877-7881. doi: 
10.1073/pnas.l201575109 

Kroll, J. E, and Bialystok, E. (2013). Understanding the consequences of bilingual- 
ism for language processing and cognition. /. Cogn. Psychol. 25, 497-514. doi: 
10.1080/20445911.2013.799170 

Kroll, J. E, and De Groot, A. M. B. (eds.). (1997). "Lexical and conceptual mem- 
ory in the bilingual: Mapping form to meaning in two languages," in Tutorials 
in bilingualism: Psycholinguistic perspectives (Mahwah, NJ: Lawrence Erlbaum 
Associates Publishers). 

Luk, G., de Sa, E., and Bialystok, E. (2011). Is there a relation between onset age 
of bilingualism and enhancement of cognitive control. Biling. Lang. Cogn. 14, 
588-595. doi: 10.1017/S1366728911000010 

MacLeod, A. A. N., and Stoel-Gammon, C. (2010). What is the impact of age of sec- 
ond language acquisition on the production of consonants and vowels among 
childhood bilinguals? Int. J. Biling. 14, 400-421. doi: 10.1177/13670069103 
70918 

Newport, E. L., Bavelier, D., and Neville, H. J. (2001). "Critical thinking about 
critical periods: perspectives on a critical period for language acquisition," In 
Language, Brain, and Cognitive Development: Essays in Honor of Jacques Mehler, 
ed E. Dupoux (Cambridge, MA: MIT Press), 481-502. 

Paap, K. R. (2014). The role of componential analysis, categorical hypothesising, 
replicability and confirmation bias in testing for bilingual advantages in exec- 
utive functioning. /. Cogn. Psychol. 26, 242-255. doi: 10.1080/20445911.2014. 
891597 



Paap, K. R., and Greenberg, Z. I. (2013). There is no coherent evidence for a 
bilingual advantage in executive processing. Cogn. Psychol. 66, 232-258. doi: 
10.1016/j.cogpsych.2012.12.002 

Prior, A., and MacWhinney, B. (2010). A bilingual advantage in task switching. 
Biling. Lang. Cogn. 13, 253-262. doi: 10.1017/S1366728909990526 

Robertson, I. H., Ward, T, Ridgeway, V., and Nimmo-Smith, I. (1994). The Test of 
Everyday Attention: TEA. Bury St. Edmunds: Thames Valley Test Company. 

Robertson, I. H., Ward, T, Ridgeway, V., and Nimmo-Smith, I. (1996). The 
structure of normal human attention: the Test of Everyday Attention. /. Int. 
Neuropsychol. Soc. 2, 525-534. doi: 10.1017/S1355617700001697 

Simon, J. R., and Small Jr, A. M. (1969). Processing auditory information: interfer- 
ence from an irrelevant cue. /. Appl. Psychol. 53, 433. doi: 10.1037/h0028034 

Sorace, A. (2004). Native language attrition and developmental instability at the 
syntax-discourse interface: data, interpretations and methods. Bilingual Lang. 
Cogn. 7, 143-145. doi: 10.1017/S1366728904001543 

Sorace, A., and Filiaci, F. (2006). Anaphora resolution in near-native speakers of 
Italian. Sec. Lang. Res. 22, 339-368. doi: 10.1191/0267658306sr271oa 

Tao, L., Marzecova, A., Taft, M., Asanowicz, D., and Wodniecka, Z. (2011). The 
efficiency of attentional networks in early and late bilinguals: the role of age of 
acquisition. Front. Psychol 2:123. doi: 10.3389/fpsyg.2011.00123 

Treccani, B., Argyri, E., Sorace, A., and Delia Sala, S. (2009). Spatial negative prim- 
ing in bilingualism. Psyehon. Bull Rev. 16, 320-327. doi: 10.3758/PBR. 16.2.320 

Zelazo, P. D., and Frye, D. (1997). "Cognitive complexity and control: a the- 
ory of the development of deliberate reasoning and intentional action," in 
Language Structure, Discourse, and the Access to Consciousness, ed M. Stamenov 
(Philadelphia, PA: John Benjamins), 113-153. 

Zelazo, P. D., Frye, D., and Rapus, T. (1996). An age-related dissociation between 
knowing rules and using them. Cogn. Dev. 11, 37-63. doi: 10.1016/S0885- 
2014(96)90027-1 

Conflict of Interest Statement: The authors declare that the research was con- 
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Received: 08 February 2014; paper pending published: 18 March 2014; accepted: 03 
May 201 4; published online: 26 May 2014. 

Citation: Bak TH, Vega-MendozaM and Sorace A (2014) Never too late? An advan- 
tage on tests of auditory attention extends to late bilinguals. Front. Psychol. 5:485. doi: 
10.3389/fpsyg.2014.00485 

This article was submitted to Language Sciences, a section of the journal Frontiers in 
Psychology. 

Copyright © 2014 Bak, Vega-Mendoza and Sorace. This is an open-access arti- 
cle distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, pro- 
vided the original author(s) or licensor are credited and that the original publi- 
cation in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these 
terms. 



Frontiers in Psychology | Language Sciences 



May 2014 | Volume 5 | Article 485 | 6 



